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The objective of this study was to develop an in vitro 
system with the thymic organ in which derepression of the 
embryonic function in lymphoblastic leukemia could be studied. 
This investigation is based on the data that showed alkaline 
phosphatase activity in embryonic thymic cells and leukemic 
thymic cells but not in normal or non-leukemic thymic cells. 
Sixteen-day embryonic, 1- and 7-day thymic organs of 
C57B1 mice were cultivated in a defined medium including 
hydrocortisone and insulin. These cultures were treated with 
5-bromo-2'-deoxyuridine, urethan and a mouse leukemia virus 
from a C57B1 mouse. There was a histological evaluation of 
these mice for immature lymphocytes and a histochemical 
evaluation for alkaline phosphatase. 
Results showed that the uncultured 16-day embryonic 
thymus had alkaline phosphatase in the subcapsular region. 
Culturing the embryonic thymus for 27 days increased the 
alkaline phosphatase activity such that the activity was 
found in cells throughout the thymic organ. Treatment of 
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the embryonic thymus further increased the alkaline phospha¬ 
tase in cultures that had been incubated for 27 days. In 
1-day thymic cultures alkaline phosphatase activity was 
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increased after 3 days treatment. Six days after treatment 
alkaline phosphatase activity was decreased to the level of 
normal in the 5-bromo-2'-deoxyuridine and mouse leukemia 
virus-treated cultures. The alkaline phosphatase activity 
was not reduced in the urethan-treated cultures until 10 
days after treatment. No increase in enzyme activity was 
found in either the 1-day uncultured thymus, the 1-day un¬ 
treated thymic cultures, the 7-day uncultured thymus, the 7- 
day untreated cultures or the 7-day treated cultures. 
Since alkaline phosphatase is found in the uncultured 
and cultured 16-day embryonic thymus and is present for a 
short time in the 1-day treated thymic cultures but not 
present in the 1-day uncultured and cultured untreated thymic 
cultures, it is concluded that the alkaline phosphatase is a 
derepressed embryonic function in lymphoblastic leukemia. 
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The thymus is a lymphocytic organ divided into a cortex 
and a medulla. The cortex of the thymus consists of densely 
packed lymphocytes with a few reticular epithelial cells 
(REC). In the medulla the REC are more prominent than the 
lymphocytes. 
The thymus functions immunologically in delayed hyper¬ 
sensitivity and the cells of the organ play a role as antigen 
reactive cells. The intact thymus, also, appears to be 
necessary for the initiation of lymphatic leukemia in mice. 
In C57 black (C57B1) mice, a strain of mice with a low 
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incidence of spontaneous leukemia, lymphoblastic leukemia may 
be induced in response to x-irradiation, 9,10-dimethylbenz 
(a) anthracene (DMBA), urethan and 6-mercaptopurine (6MP). 
Lieberman and Kaplan (1959) showed that cell free filtrates 
of x-irradiation induced C57B1 mouse thymic lymphoma will 
cause lymphoblastic leukemia. This virus has since been 
named C57LV (Doell and Mathieson, 1971). Lieberman et al. 
(1973) treated a mouse fibroblast culture with 5-bromo-2'- 
deoxyuridine (BUdR) and established a virus carrying subline. 
Lieber et al. (1973) found that Balb/3T3 cells release 5-15 
times more type C virus per cells than the parent cell line 
after treatment with BUdR. 
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Associated with the lymphoblastic cells of leukemia is 
an enzyme, alkaline phosphatase (APase), (Smith, 1961; Metcalf 
et al., 1964; Lagerlof and Kaplan, 1967; Siegler and Rich, 
1967). This enzyme is not associated with normal or non¬ 
leukemic lymphocytes of C57B1 mice (Smith, 1962). However, 
Lagerlof and Kaplan (1967) detected faint APase activity in 
17-day embryonic thymic lymphocytes of C57B1 mice. Since 
APase is found in embryonic lymphocytes and in lymphoblastic 
leukemia cells and not in normal adult mouse lymphocytes, the 
APase may be a repressed embryonic function in the normal cells 
and a derepressed embryonic function in the lymphoblastic 
leukemic cells. 
The objective of this study was to develop an in vitro 
system with the thymic organ in which derepression of the 
embryonic function could be studied. The first phase of 
this study dealt with the histological evaluation of the 
effect of cultivating C57B1 thymuses from different age mice 
in a defined medium containing hydrocortisone and insulin. 
After selecting the proper ages from which to begin cultures, 
the second phase was to study the effect of adding BUdR, 
urethan or a mouse leukemia virus (C57LV) to the defined me¬ 
dium during thymic cultivation. The treated and untreated 
thymic cultures were evaluated histologically for immature 
lymphocytes and histochemically for APase activity in 
immature lymphocytes. 
CHAPTER II 
REVIEW OF LITERATURE 
Development and Function of the Thymic Organ 
According to Weiss (1972) the thymic organ develops 
from epithelial outgrowths of the third and fourth bronchial 
pouch of the embryonic pharynx. These outgrowths separate 
from the pharynx and move caudally into the base of the neck 
and upper thorax as epithelial plugs. 
The thymus consists of two main lobes joined by 
connective tissues, but is not actually fused. Each of these 
lobes are divided into a number of macroscopic lobules. The 
lobules are separated from one another by interlobular septa 
and are divided into a darkly staining, peripheral cortical 
area which contains densely packed lymphocytes and a lighter 
staining inner medullary portion containing mostly REC with 
some lymphocytes. The REC are elongated and have pale, 
round or oval nuclei. In most cases the nuclei contain a 
few small chromatin particles and one or more small nuclei. 
In the medulla, where the lymphocytes are less numerous, it 
can be seen that the REC form a meshwork with its meshes 
filled with lymphocytes. The lymphocytes of the thymus can 
be classified as mature and immature. The mature lymphocyte 
has a compact, darkly staining nucleus surrounded by a thin 
layer of cytoplasm. The immature lymphocyte has a much lar¬ 
ger nucleus than the mature lymphocyte. More immature 
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lymphocytes than mature lymphocytes are found in the cortex, 
whereas in the medulla this situation is reversed (Weiss, 1972). 
The thymic organ's main function is immunological. The 
cells of the organ play an intermediary role as antigen 
reactive cells in the production of certain humoral antibodies 
(Weiss, 1972). The thymic organ has also been shown to have 
a role in the process of leukemogenesis. Kaplan (1950) found 
that radiation-induced lymphoid tumor did not develop in C57B1 
mice that had been thymectomized but did develop in mice that 
had the spleen or gonads removed. Further work on the role 
of the thymus in leukemogenesis showed that lymphoblastic 
leukemic cells replace the cells of the thymus and that these 
cells then disseminate into other lymphatic tissues. 
In Vitro Studies with the Thymic Organ 
Several investigators have attempted to develop an in 
vitro method of cultivating the thymic organ. Trowell (1959) 
cultivated adult mouse and rat thymuses for 4-6 days on lens 
paper on a wire grid in synthetic medium that contained insulin. 
The thymic specimen maintained healthy lymphoidal tissue for 
this short period of time. Embryonic thymic rudiments from 12- 
day-old embryo were cultivated by Ball and Auerbach (1960) with 
a plexiglass-millipore filter assembly. These expiants were 
cultivated in Tyrode's horse serum and chick embryo juice. 
The epithelial rudiments developed into lymphoidal thymuses 
after 11-20 days in culture. Pinkel (1964) cultivated thymic 
glands of 2-week-old mice for as long as 83 days in a modified 
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organ culture medium which consisted of four times the level 
of the amino acids and vitamins and 10% horse serum. The ar¬ 
chitecture of the gland was maintained and healthy lymphoidal 
tissue persisted although gradual depletion of cellular 
elements did occur. Mandel and Russell (1971) cultivated 
12 13-day-old fetal mice thymuses for 25 days with medium 
that consisted of Eagle's Basal Medium, 10% horse serum and 
5% chick embryo juice. The results of this study indicated 
that it is possible for the in vitro development of the 
thymus to parallel the in vivo development, the major 
difference being in the supply of lymphoidal stem cells. 
Aim and Salstrom (1972) using a grid organ culture technique 
and Waymouth's MB 752/1 medium and chick serum permitted the 
lymphoid development of thymic anlagen of 10-day-old chicks 
for at least 10 days in vitro. 
Insulin and Corticosteroids in Defined Media 
Insulin has been used in devined medium since 1936 when 
Baker used it in connection with thyroxine to cultivate 
fibroblast cells, epithelial cells and monocytes. Baker and 
Ebeling (1939) improved the cultivation of these cells by 
including adrenaline and crude adrenal cortical and pituitary 
preparations to the media. McCarty and Graff (1959) , Nagle 
et al. (1963) and Tribble and Higuchi (1963) used insulin 
containing media in suspension cultures to study the aspects 
of metabolism and nutrition in animal cells. Insulin has been 
used in monolayer cultures of normal animal cells to .study 
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the action on metabolism (Paul, 1959); to study utilization 
of glucose in normal human cells (Crockett and Leslie, 1963) 
and human tumor cells (Vann et al., 1963). Insulin has also 
been used in organ culture media. Trowell (1959) used it to 
cultivate a variety of organs including the thymus. Cultures 
of normal and neoplastic glands have been maintained with the 
use of insulin since the work of Rivera in 1963. Organ cul¬ 
tures of bone and uteri have also been cultivated with this 
hormone (Gorham and Waymouth, 1965; and Lostroh, 1963,1966). 
The use of adrenocorticosteroid in combination with 
insulin has been used in cell and organ culture to stimulate 
and maintain differentiation. Cortisol and insulin have 
been used by Lucas et al. (1970) in organ cultures of rat 
salivary glands. Prelactating mouse mammary glands need cor¬ 
tisol and insulin for complete differentiation in vitro 
(Rivera, 1964). Hepatocyte cultures of 16 day fetal liver 
of C57B1 mice require an adrenocosteroid hormone with insulin 
for long term cultures (Waymouth, 1972). 
The stimulatory effect of insulin on cell multiplication 
in several culture systems that employed defined media has 
been studied extensively. Gey and Thalimer (1924) were the 
first to note the effect and Leslie and Paul (1954) confirmed 
the effect. Temin (1967) noted that insulin can replace a 
factor in serum which is required for multiplication of normal 
cells in culture. 
Effect of Hydrocortisone Derivatives on Lymphocytes 
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The destructive effect of hydrocortisone derivatives on 
lymphocytes has been recognized since the study of Selye in 
1936. Dougherty (1953, 1960) showed that the steroid hydro¬ 
cortisone, when administered in large doses of 1 mg/day 
over a relatively long period of 9 days to CBA mice caused 
a decrease in the weight of the lymphoidal organs, especially 
in the thymus, and that the steroid caused a lymphocyte de¬ 
generation followed by phagocytosis of cellular debris by 
macrophage. Lagerlof and Kaplan (1967) confirmed these re¬ 
sults by showing that hydrocortisone administered to 40-day- 
old C57B1 mice in a low dose of 0.5-1.0 mg caused pycnosis 
and disintegration of cortical lymphocytes followed by a 
phase of regeneration in which immature mitotically active 
lymphocytes were present. Esteban (1968) showed that when 
hydrocortisone is administered at 4 mg/hr for 12 hours that 
short-lived lymphocytes of Sprague-Dawley rats are more 
susceptible to the destructive effect of hydrocortisone than 
are long-lived lymphocytes. Lumb (personal communication) 
found that cellular elements were maintained in the 11-day-old 
C57B1 mouse thymus cultivated in a defined medium which con¬ 
tains hydrocortisone (lyg/ml) and insulin (20y units/ml). 
Induction of Thymic Lymphoma by Urethan 
The chemical ethyl carbamate, commonly known as urethan, 
has induced lymphoma in vivo. Since urethan alone could not 
increase the incidence of leukemia in adult mice, Kawamoto 
et al. (1958) showed that urethan could act as a co-leukemogen 
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with x-ray, estrogen and methyl chlorantrene. The drug 
slightly accelerated the onset of leukemia in AKR and C58 
mice but did not significantly increase the already high 
incidence of leukemia in these strains (Kawamoto et al., 
1961). However, in random bred Swiss albino mice urethan 
moderately increased the incidence of leukemia when either 
injected at birth or given to adult mice in drinking water 
(Troth et al., 1961). Studies by Berenblum and Trainin 
(1960) using adult C57B1 mice, a strain low in leukemia 
incidence, suggested that urethan acts as a promoter with 
x-ray treatment in a two stage mechanism in order to augment 
leukemia. Doell and Carnes (1962) using newborn C57B1 mice 
showed that urethan alone administered in doses of 1 mg/gm 
body weight will induce thymic lymphoma. 
RNA Tumor Viruses 
Peyton Rous (191Ï) described the first cell free passage 
of an RNA tumor virus that caused solid tumors or sarcoma in 
chickens. Gross (1951a) described the first cell-free passage 
of leukemia in mice. He showed that the cell-free extract 
(CFE) of spontaneous lymphoma of AKR mice when injected into 
newborn C3H/Bi mice caused a similar lymphatic leukemia. He 
also showed that serial passage of CFE increased the leukemo- 
genic potency (1951b). Electron microscope studies on the 
Gross virus showed particles that possibly represented the 
virus. The virus-like particles are spherical and have a 
characteristic morphology called C-type (Gross and Feldman, 
1968). Using the cell-free passage method, Lieberman and 
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Kaplan (1959) showed that injection of C57B1 mice with a leu- 
kemogenic virus extracted from radiation-induced lymphomas 
will cause lymphatic leukemia. Haran-Ghera (1967) showed that 
cell-free passage of thymic lymphomas induced with the chemical 
DMBA also caused leukemia. Doell (1969) used a cell-free ex¬ 
tract of a 6MP tumor to induce lymphoma in C57B1 mice. 
Other RNA tumor viruses are also known. These viruses 
include the Avian Leukosis Complex (Ellerman and Bang, 1908), 
Friend leukemia virus (Friend, 1959) , Rauscher leukemia virus 
(Rauscher, 1962) and Moloney sarcoma virus (Moloney, 1964). 
Recent work with Rous sarcoma virus and Rauscher leukemia 
virus indicates that virons of RNA tumor viruses have RNA- 
dependent DNA polymerase that synthesizes DNA from an RNA tem¬ 
plate (Temin and Mitzutani, 1970; Baltimore, 1970). This RNA- 
dependent DNA polymerase is also known as Reverse Transcriptase . 
Halogenated Uridine in Tissue Culture 
Price et al. (1964) reported that BUdR induced lamda phage 
in lysogenic Escherichia coli W 1709. After introduction of 
either BUdR or IUdR into tissue culture medium Rothschild and 
Black (1970) were able to detect Simian Virus 40 (SV 40) syn¬ 
thesis in previously nonproducing SV 40 transformed cells by 
a plaque assay test. Klement et al. (1971) reported the res¬ 
cue of the genome of focus forming virus from a nonproducing 
mouse sarcoma virus cell line by treatment with BUdR without 
introducing a helper virus. As indicated by UV-XC plague as¬ 
say, the synthesis of murine leukemia virus (MLV) was rapidly 
induced by exposure of clones of embryo cells of the high 
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leukemia mouse strain AKR to either BUdR or 5-iodo-2'- 
deoxyuridine (IUdR) (Lowy et al., 1971). With the aid of a 
sensitive Reverse Transcriptase assay and an antibody that 
specifically inhibits the viral enzyme, Aaronson et al. 
(1971) detected MLV from BUdR treated clonal lines of the 
low leukemia mouse strain Balb/3T3 cells. Electron microscopy 
studies by Stewart et al. (1971) showed that IUdR in con¬ 
junction with dimethylsulfoxide increased the number of C-type 
particles in two different types of human tumor cells. Pro¬ 
longed treatment of BUdR by Gerber (1972) and Hampar et al. 
(1972) has induced the Epstein Barr virus from antigen-posi¬ 
tive virus negative human lymphoid cells. Lieberman et al. 
(1973) treated a normal C57B1 mouse embryo fibroblast culture 
with BUdR and established a virus carrying subline called 
BL-5(RadLV). They found that large amounts of active virus 
are released into the medium as indicated by plaque assays, 
rescue of the mouse sarcoma virus after superinfection of 
BL-5(RadLV) with MSV(RadLV) and by induction of viral antigens. 
Murray and Nayak (1973) studied the morphological and bio¬ 
chemical characterization of BUdR activated guinea pig C-type 
virus particles. They found that the density of the virus 
particles was 1.16g/ml; that they possessed Reverse Transcrip¬ 
tase; and that they have a high molecular weight RNA of 65-70s 
which dissociated into 36s and smaller subunits upon heating. 
This data corresponds to already characterized RNA tumor viruses. 
Studies by Teich et al. (1973) indicate that the incorpora¬ 
tion of IUdR and BUdR into cellular DNA plays a vital role in 
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the activation of MLV production in an AKR cell line. They 
showed in their experiment that the proportion of cells 
activated is diminished if DNA synthesis is blocked or 
decreased, that no induction of virus occurs if BUdR or 
IUdR incorporation into DNA is blocked by simultaneous 
treatment with thymidine and that the number of cells activated 
increases when cells containing IUdR or BUdR are irradiated 
with visible light. Lieber et al. (1973), using the Reverse 
Transcriptase assay, found that 96 hours after treatment with 
33 yg/ml of BUdR Balb/3T3 mouse cells release 5-15 times more 
type C virus per cell than the parent cell line. Virus re¬ 
lease begins within 8 hours and exponetially increases for 
the first 24-48 hours. Koyama and Ono (1971) showed by pro¬ 
tein and enzyme assay that treatment of cultures of hybrid 
lines of mouse and Chinese hamster cells with 5-10 yg/ml of 
BUdR for 3 days induced APase activity 5-7 times the level in 
the control cells. After 3 days the activity of the enzyme 
decreased. 
Effect of Fluorodeoxyuridine on the Thymus 
5-fluorodeoxyuridine (FUdR) has been used by Enstrom and 
Norlind (1971) to study the release of lymphocytes in guinea 
pig cells. Two days after treatment with a low dose, 1.5 mg, 
the normal thymic release of mature and immature lymphocytes 
was abolished. Four days after release of mature and imma¬ 
ture lymphocytes the rapid regeneration of spleen and cervi¬ 
cal lymph nodes was noted. By the eighth day mature and 
immature lymphocyte export from the thymus was abolished and 
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no regeneration of thymic weight occurred. 
Alkaline Phosphatase Activity in Lymphoblastic Leukemia 
Histochemical and biochemical studies have associated the 
enzyme APase with lymphoblastic leukemic cells. The histo¬ 
chemical studies of Smith et al. (1958) on the thymus, spleen 
and lymph node of normal and irradiated mice revealed a cor¬ 
relation between the enzyme APase and the development of thy¬ 
mic lymphoma. Further studies by Smith (1961) compared the 
APase in AKR and C57B1 mice thymuses because their suscepti¬ 
bility to the development of spontaneous leukemia differed. 
The thymus of C57B1 mice has a cortex composed of lymphocytes 
that did not react to histochemical staining and a few REC 
that were reactive. Smith found the medulla of C57B1 mice 
distinguished by sections of blackened arteries. Scattered po¬ 
sitive REC and strongly reactive oval cells were also present 
in the medulla. Most of the lymphocytes in the medulla were 
APase negative except in the neighborhood of REC and arteries. 
The positive reaction of lymphocytes near these cells and ves¬ 
sels was probably due to diffusion from the cells and vessels. 
In contrast to the C57B1 thymus, the cortex of the AKR thymus 
had clusters of reactive epithelial cells and lymphocytes. The 
medulla also had these strongly reactive cells. Metcalf et al. 
(1964) found that APase activity in AKR mice was elevated in 
the case of thymic lymphoma. All histochemical works previously 
discussed were done with the Gomori histochemical method (Gomori, 
1952). Lagerlof and Kaplan (1967) using the more sensitive azo 
dye method of Manheimer and Seligman (1948) on radiation-induced 
and viral-induced lymphomas of C57B1 mice reported that APase had 
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occurred concomitantly with the first signs of lymphoma develop- 
ment. Although the histological and histochemical slides were 
examined at different times by different investigators a 90% 
correlation was made between APase activity and lymphoma histo¬ 
genesis r as well as faint APase activity in the thymus of 17- 
day-old embryos of C57B1 mice and no APase activity on lympho¬ 
cytes in adult thymuses. Since the enzyme occurs on lymphoma 
cells in the embryonic thymus and not in the adult thymus, APase 
on embryo lymphoblastic cells may be related to that on lympho¬ 
blastic leukemia cells. Siegler and Rich (1967) using tumors 
induced by Rich MLV in Ha/ICR Swiss mice and the insensitive 
Gomori histochemical method showed that APase activity occurred 
after definite tumor development. Their results differed from 
Lagerlof and Kaplan (1967) because with the Gomori method they 
could not detect the enzyme in early tumor histogenesis. 
The biochemical study of Lumb and Doell (1970) showed that 
APase activity of chemical-and viral-induced thymic lymphomas in 
C57B1 mice did not differ significantly. The lymphoma APase ac¬ 
tivity resembled APase activity of spleen when characterized by 
pH optimum, heat inactivation and the ratio of activity towards 
substrates, p-nitrophenylphosphate and beta-glycerophosphate. 
Wilson et al. (1971) using C57B1 mice intrathymically injected 
with a RadLV, measured the chronological appearance of APase in 
the thymus, spleen, mesenteric nodes, kidney and liver by assay¬ 
ing extracts with p-nitrophenylphosphate, thus showing that ele¬ 
vation of APase activity occurred in the thymus simultaneously or 
prior to the development of the lymphoma. The elevation of the 
enzyme in other tissues occurred after dissemination had started. 
CHAPTER III 
MATERIALS AND METHODS 
Source of Materials 
Mice. 
C57B1/Ka mice were originally obtained from Dr. Henry 
Kaplan of the Stanford University Medical School and main¬ 
tained by brother-sister mating. The ages of the animals 
used were 16-, 17-, 18-, 19-, and 21-day embryo and 1-, 3-, 
5-, 7-, and 9-day-old postnatal mice. 
Origin and preparation of the virus. 
The C57LV was originally isolated from a lymphoma in¬ 
duced in a C57B1 mouse by 6-MP (Doell and Mathieson, 1970). 
The cell free extract (CFE) used in this experiment was the 
fifteenth passage of the C57LV. The CFE was prepared by 
homogenizing the lymphoma in Hank's Balanced Salt solution 
and centrifuging the homogenate for 3 times with a force of 
54,500 times gravity for 30 minutes each. 
Tissue culture materials. 
Materials used in tissue culture were as follows: lOQx 
Eagle's MEM essential amino acids (North American Biological 
Company); 50x Eagle's nonessential amino acids (North American 
Biological Company); 7.5% sodium bicarbonate (North American 
Biological Company); lOOx Eagle's MEM vitamins (American Biolo¬ 
gical Science Company); lOOmM pyruvate (American Biological 
Science Company); lOx Hank's Balanced Salt solution (American 
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Biological Science Company); 200 mM glutamine (Microbiological 
Associates); lOx Earle's Balanced Salt solution with phenol 
red (Microbiological Associates); lOOx antibiotic-antimycotic 
mixture lyophilized (Grand Island Biological Company); 50 
mg/ml hydrocortisone acetate (Elkins-Sinn, Inc.); 40 units ml 
U-40 iletin, insulin injection, USP (Lilly Pharmaceutical 
Company); 5-bromo-2'-deoxyuridine (Sigma Chemical Company); 
ethyl carbamate (urethan)(Eastman Kodak Company); 13 mm mem¬ 
brane filters (0.45 microns) (Schliecher and Schuell, Inc.)? 
and organ culture dishes (Falcon Plastics). 
Histochemistry materials. 
Materials for histochemistry were as follows: napthol 
As-Mx phosphoric acid disodium salt (As-Mx)(Sigma Chemical 
Company); fast blue RR salt (Sigma Chemical Company); Tris 
(hydroxymethyl) aminomethane hydrochloride (Sigma Chemical 
Company); and magnesium chloride (J. T. Baker Chemical Company). 
Methods 
Defined culture medium for Thymic Organ. 
The culture medium used was a medium described by Pinkel 
(1964). However, instead of using 10% horse serum, hydrocorti¬ 
sone and insulin were used to make the medium totally defined. 
The amount of components needed to make a liter of medium is 
found in Table 1. 
Preparation of organ culture system. 
The Falcon organ culture dish was prepared by placing 2 
ml of sterile water around absorbant paper on the outside of 
the center well of the dish. A metal grid was placed on the 
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Table 1. Composition of the defined medium 
Components Stock concentrations ml/1 







MEM Vitamins lOOx 40 
Glutamine 200 mM 10 









1.00 mg/ml 10 
Insulin 20 u units/ml 10 
Antibiotics lOOx 10 
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top of the center well and a 0.45 micron millipore filter was 
placed on top of the metal grid. One ml of the appropriate 
medium was added to the bottom of the millipore filter. The 
thymic organ was placed on top of the filter. The organs were 
cultivated under 5% C02 at 37° C. The medium was changed by 
removing old medium with a sterile Pasteur pipette and adding 
fresh medium at weekly intervals. 
Procurement of the thymic organ. 
The thymus of the prenatal mice was obtained by breaking 
the neck of the mother and dissecting the embryos out of their 
sac. The embryos were placed in sterile Hank's in a sterile 
petri dish to be washed. The thymus of each embryo was re¬ 
moved by cutting off the head of the embryo and dissecting 
from under the sternum anteriorly to the neck and spreading the 
chest apart. The thymus organ was then removed from its posi¬ 
tion upon the pericardium and placed in a sterile petri dish 
with a small amount of Hank"s Balanced Salt solution. The 
postnatal mice were anesthesized by freezing in ice and placed 
in a sterile petri dish and rinsed in 70% alcohol. They were 
rinsed in sterile Hank's. The thymus of the postnatal mice 
was procured in the same manner as the prenatal mice. 
Treatment of thymic drgan riultures. 
Sixteen-day embryonic, 1-day and 7-day thymuses were treated 
with defined medium containing either 0.1 yg/ml of BUdR or 0.1 
yg/ml urethan or a sixty-fold dilution of a cell free extract 
containing C57LV. In one set of 16-day embryo thymic cultures 
the carcinogens were added at 9 days after the culture was 
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initially incubated in defined medium. In two sets of embryo 
thymic cultures the carcinogens were added after 3 days in 
culture. In all 1-day thymic cultures and 7-day cultures the 
carcinogens were added after 8 days of initial incubation with 
defined medium. All sets of thymic cultures were incubated 
for 3 days in defined medium with carcinogens. After 3 days 
the defined medium with carcinogens was removed with a Pasteur 
pipette and further incubation of the treated culture took 
place in the untreated defined medium. The organs were culti¬ 
vated under 5% CO2 at 37° C. Medium was changed at weekly 
intervals. 
Evaluation of thymic organ cultures. 
Untreated and treated thymic organs were removed at inter¬ 
vals, sectioned at 4-7 microns either in paraffin or on the 
Ames cryostat and stained with hemotoxylin and eosin. 
Thymic organ cultures were evaluated for alkaline phospha¬ 
tase activity by a modified histochemical method of Lagerlof 
and Kaplan (1967). Unfixed frozen sections cut in the cryostat 
at 4-7 microns were incubated in the cold for 40 minutes. The 
incubation mixture consisted of a buffered solution composed 
of 0.1 M Tris buffer at pH 10 with 2% MgCl2, 0.85% saline, 0.1% 
As-Mx and 0.25% Fast Blue RR salt. The substrate 0.1% naphthol 
As-Mx was ground into the buffered solution mixture with a 
mortar and a pestle, after which the azo dye was then added and 
further ground. The reaction will not take place unless the 
substrate is ground before the azo dye. Control slides were 
always run with test slides. They were incubated in the cold 
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in 1% HCL for 10 minutes and rinsed in distilled water and 
treated in the same incubation mixture as the test slides. 
CHAPTER IV 
RESULTS 
Preliminary Study with Thymic Organs 
from C57B1 Mice of Different Ages 
A preliminary study, in which thymic organs were cultured 
from mice at different ages, was done to determine which of these 
organs would be best to use in an in vitro system in which dere¬ 
pression of embryonic function in lymphoma could be studied. As 
mentioned before, APase activity is present in embryo thymuses 
up to 17 days gestation and in lymphoblastic leukemic cells but 
not in normal or non-leukemic cells. 
The preliminary study showed that in all cultures, except 
the 1-day cultures, the medulla had more of a reduction in cell 
population than the subcapsular region or cortex. In the 1-day 
thymic cultures blast cells similar to lymphoma cells were spread 
over the entire organ at 27, 33, and 36 days after incubation 
(Figs. 1 and 2). In the 7-day thymic cultures, although there 
were pycnotic cells present, a significant amount of lymphocytes 
were maintained as compared to other cultures examined (Figs. 3 
and 4). Interlobular septa and blood vessels were noted in an 
18-day embryonic culture 7 days after incubation (Figs. 5 and 6); 
in 1-day thymic cultures at 27, 33, and 36 days; and, in 5-day 
culture examined after 7 days. Hassal's corpuscles were noted 
in the 18-day embryonic thymic culture after 44 days of cultiva¬ 
tion; in the 3-day old thymic culture checked at 17 and 32 days; 
in the 7-day thymic cultures observed at 14, 25, and 34 days; 




The uncultured 1-day thymic organ. x2000. 





The uncultured 7-day thymic organ. x2000. 
The 7-day-old thymus after 34 days incubation. 
x2000. 
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Fig. 5. A thymic blood vessel in an 18-day-^ld embryonic 
thymic culture after 7 days incubation. x2000. 
Fig. 6. An interlobular septum in an 18-dayr-old embryonic 
thymic culture after 7 days incubation. x2000. 

Fig. 7. A Hassal's corpuscles in a 9-day old-thymic culture 
after 27 days incubation. x2000. 
Fig. 8. A Hassal's corpuscles in a 9-day-old thymic culture 




From this study it was decided that 16-day embryo, 1- and 
7-day postnatal thymic organs would be used to develop the in 
vitro system. The 16-day embryonic thymus represents an early 
stage in the development of the organ when the thymocytes 
still have detectable APase activity. The 1-day thymic organ 
was selected because the cells after 36 days in culture were 
similar to lymphoma cells. The 7-day-old thymic organ was 
chosen because after 34 days in culture it still maintained 
a normal thymic appearance. 
Cultivation and Treatment of the 16-day 
Embryonic Thymus in a Defined Medium 
As can be seen in Table 2, a cortex and medulla was pre¬ 
sent in the 16-day embryonic thymic cultures at 1, 2, and 4 
days after incubation. However, in the 2 and 4 day culture the 
cortex was necrotic and the only distinguishable cells were in 
the medulla (Fig. 9). From the fourth day to the twenty- 
seventh day of cultivation there was no distinction between 
cortex and medulla. It appeared as if the immature lymphocytes 
and REC of the cortex had taken over the entire organ (Fig. 10). 
All cultures showed considerable cellular depletion and necrosis 
by 27 days incubation. Since the 16-day embryonic culture had 
an abundance of immature lymphocytes at 3 days incubation, 
carcinogens were added to see if they would maintain these im¬ 
mature lymphocytes. Carcinogens were also added to thymic 
cultures at 9 days, in which only a few immature lymphocytes 
and REC were present, to see if they would increase the number 







(Subcapsular region) cMedulla 
IM REC V HC M IM REC 
dCap eAPase 
1 + - ++ ++ - - ++ +- + ND 
2 +- - + +- - - + ND 
2 +- - - - - - +- +- +- + ND 
3 +- +- +++ + - - + ND 
3 + +- +- +- - - + ND 
4 +- - - - - - + + + ++ ND 
5 + - ++ +- - - ++ ND 
5 +- - - +- - - ++ ND 
6 +- - ++ + - - ++ ND 
6 +- - - - - - ++ ND 
6B +- - ++ ++ - - ++ ND 
6C +- - ++ ++ - ++ ND 
6U +- - +++ + - - ++ ND 
9 +- - +- +- - - ++ ND 
12* +- + + + — ++ ND 








IM REC V 
region) cMedulla 
HC M IM REC 
dCap eAPase 
12B* +- - ++ + - — ++ ND 
12C* +- - ++ + - - ++ ND 
12U* +- - ++ ++ - - ++ ND 
13 +- - ++ ++ - - ++ ND 
13B +- - +++ ++ - - ++ ND 
13C +- - ++ + - - ++ ND 
13U +- - ++ + - - ++ ND 
19* +- - ++ ++ - - ++ ND 
19C* +- - ++ ++ - - ++ ND 
19U* +- - ++ ++ - - ++ ND 
27 +- - ++ ++ - - ++ ++++ 
27B +- - ++ ++ - - ++ +++ 
27C +- - ++ ++ - - ++ +++ 
27U +- - ++ ++ - - ++ ++++ 
+ 
Table 2. (Cont.) 
aB, C, and U, respectively, represents cultures treated with BUdR, mouse leukemia virus 
or urethan. The numbers with no letters were untreated cultures. 
^This indicated a general observation of the appearance of the thymic organ. The (+), 
(+-) and (-) respectively indicated healthy, slightly necrotic or necrotic. 
cThe cells in the cortex and medulla are designated as follows: M=mature lymphocyte; 
IM=immature lymphocyte; REC=reticular epithelial cell; V=thymic blood vessel; and 
HC=Hassal's corpuscle. The amounts of these type cells present in the cortex and 
medulla are designated as follows: (-)=none; (+-)=present but depleted; (+)=present; 
and (+++)=many cells present. 
^The size of the capsule is noted by the following: (-)=none; (+)=thin; (++)=medium; 
and (+++)=thick. 
eThe amount of alkaline phosphatase activity in cells is represented as follows: (-)= 
none; (+)=reactive cells; (++)=few cells reactive; (+++)=many cells reactive; and 
(++++)=most cells reactive. 
*This indicates the cultures treated at 9 days after cultivation. All 16-day embryonic 
cultures were treated at 3 days after cultivation. All 1- and 7-day thymic cultures 
were treated 8 days after incubation. 
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of these cells. No significant difference was observed in the 
number of cells maintained when carcinogens were added at 3 
or 9 days. 
Treated cultures were more necrotic than untreated cul¬ 
tures and there was more depletion in cells of the treated cul¬ 
ture than in the untreated cultures. 
APase activity was found in the subcapsular region of the 
uncultured 16-day embryonic thymus (Figs. 11 and 12). As can 
be noted in Figs. 13-16, culturing the embryonic thymus for 
27 days increased the APase activity such that the activity was 
found in cells throughout the thymic organ. The APase activity 
in the urethan-treated culture was similar in distribution to 
the activity in the untreated thymus. Figures 17-20 shows that 
the BUdR and C57LV-treated thymic cultures had an increased 
amount of APase activity concentrated in the subcapsular region. 
The BUdR- and C57LV-treated cultures showed a similar distribu¬ 
tion of APase to that of the uncultured 16-day embryonic thymus 
but a significant increase in the amount of activity. 
Therefore, it appears that culturing the thymus causes the 
APase positive immature lymphocytes to proliferate and take over 
the whole organ. Treatment with urethan had no significant 
effect, while treatment with BUdR and C57LV seemed to limit the 
APase positive cells to the subcapsular region but increased 
the level of APase activity. 
Cultivation and Treatment of the 1-Day 
Thymic Organ in a Defined Medium 
As can be noted in Table 3, in the 1-day thymus a distin¬ 
guishable medulla was evident until 8 days after incubation. 
Table 3. Results of cultivating the 1-day-old thymic organ * 
aAge in culture bG0 cCortex (Subcapsular region) cMedulla *Cap eAPase 
Treatment M IM REC V HC M IM REC 
1 + - +++ ++ - - +- - +- ++ ND 
2 +- - +++ ++ - - ++ + + +++ ND 
2 +- +- ++ +- - - ++ ND 
3 +- - ++ +- - - ++ + + ++ ND 
4 +- +- + + - - ++ + + ++ ++ ND 
5 +- +- +- +- - - ++ + ++ ++ ND 
6 + + +++ ++ + - ++ +++ + ++ ND 
6 + + +++ ++ + - ++ +++ + ++ ND 
7 + + +++ ++ - - ++ ND 
7 + + ++ +- - - ++ ND 
8 +- +- ++ + - - +- +- +- ++ + 
8 + + + + - - ++ + + ++ + 
11 +- ++ + + - - ++ + 
11 +- ++ + + — — ++ ND 
U> 
o 












M IM REC 
eAPase 
11B +- - +++ +- - - ++ ND 
11B +- - ++ + - - ++ ND 
11B +- - +++ + + - - ++ ++++ 
11C +- + ++ ++ - - ++ +++ 
11C +- ++ ++ ++ - - ++ ND 
11C +- ++ ++ ++ - - ++ ND 
11U +- - ++ + - - ++ +++ 
11U +- ++ ++ ++ - - ++ ND 
11U +- + ++ ++ - - ++ + 
14 +- - ++ + - - ++ + 
14B +- - ++ + - - + + - 
14C +- - ++ ++ - - ++ +++ 
14U +- - ++ ++ - - ++ + 
18 +- - ++ ++ - - ++ + 
18B +- — ++ ++ — - ++ + 
Table 3. (Cont.) 
aAge in culture ^GO cCortex (Subcapsular region) cMedulla ^Cap eAPase 
Treatment M IM REC V HC M IM REC 
18C +- - ++ ++ - - ++ + 
18U +- - ++ ++ - - ++ + 
27 +- - + + - - ++ + 
27B +- - + + - - ++ + 
27C +- - + + - - ++ + 
27U +-   + + _ — ++ + 
*See legend to Table 2 for explanation of superscripts 
Fig. 9. Cells in the medulla of the 16-day-old embryonic 
thymic organ after 4 days incubation. x2000. 
Fig. 10. Cells in the 16-day-old uncultured embryonic 
thymic organ after 6 days incubation. x2000. 
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Fig. 11. Histology of the 16-day-old uncultured embryonic 
organ. xl600. 
Fig. 12. Histochemical localization of alkaline phosphatase 
in cells of the 16-day-old uncultured embryonic 
thymic organ. xl600. 
; ' * • -, ' • '9 -d ’ 
Fig. 13. Histology of the 16-day -sold embryonic thymus after 
27 days cultivation. xl600. 
Fig. 14. Histochemical localization of alkaline phosphatase 
in cells of the 16-day^old embryonic thymus after 
27 days incubation. xl600. 
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Fig. 15. Histology of the untreated 16-day-old embryonic 
thymus after 27 days incubation. xl600. 
Fig. 16. Histochemical localization of alkaline phosphatase 
in cells of the untreated 16-day-old embryonic 
thymus after 27 days incubation. x.600. 
Fig. 17. Histology of the 5-bromo-2'-deoxyuridine-treated 
16-dayTold thymic organ after 27 days incubation. 
xl600. 
Fig. 18. Histochemical localization of alkaline phosphatase 
in the cells of the 5-bromo-2'-deoxyuridine-treated 
16-day-old embryonic thymus after 27 days incubation. 
xl600. 
Fig. 19. Histology of the urethan-treated 16-day embryonic 
thymus after 27 days incubation. xl600. 
Fig. 20. Histochemical localization of alkaline phosphatase 
in cells of the urethan-treated 16-day-old embryonic 
thymic organ after days incubation. xl600. 
35 
36 
During this 8 day period the subcapsular region or cortex went 
through various stages of in vitro development. On day 1 of 
cultivation the cortex had healthy immature lymphocytes and REC. 
The cells were necrosed on days 3 and 4 but a mitotic figure in 
a REC was evident (Fig. 23). By the sixth day mature and im¬ 
mature lymphocytes and REC were increasing in number and spread¬ 
ing into the middle of the thymic organ (Figs. 22 and 25). Fi¬ 
gures 21 and 24 shows that on the eighth day of cultivation, 
both the medulla and the cortex were depleted of mature lympho¬ 
cytes. In subsequent cultures cellular depletion increased 
with the age of the culture and in these cultures it seemed as 
if the cells of the subcapsular region had taken over the 
entire organ. 
Since an abundance of immature lymphocytes and REC were 
noted in the 1-day thymus after 8 days in culture, carcinogens 
were added at this time. 
In Table 3, it can be noted that the BUdR-treated cultures 
did not maintain any mature lymphocytes and the C57LV and ure- 
than-treated cultures showed mature lymphocytes only at 11 days 
incubation, when the carcinogen was removed. From the eleventh 
to the twenty-seventh day the number of immature lymphocytes 
and REC in the treated cultures did not differ significantly 
from activity in the uncultured 1-day thymus. Compared to the 
APase activity in the untreated cultures, the APase activity 
was increased after 3 days of treatment with carcinogens. Fi¬ 
gures 26-29 show that the 1-day-old BUdR-treated culture after 
11 days incubation had an increased amount of activity concen- 
Fig. 21. One-day thymic organ after 8 days incubation. x400 
Fig. 22. One-day thymic organ after 6 days incubation. x400 
Fig. 23. Mitotic figure in a recticular epithelial cell of 
a 1-day-old thymic organ after 4 days cultivation. 
x2000. 
Fig. 24. One-day thymic organ after 8 days incubation. 
x2000. 







26. Histology of the 1-day 5-bromo-2'-deoxyuridine- 
treated thymic organ after 11 days cultivation. 
xl600. 
27. Histochemical localization of alkaline phosphatase 
in cells of the 1-day 5-bromo-2'-deoxyuridine- 
treated thymic organ after 11 days cultivation. 
xl600. 
28. Histochemical localization of alkaline phosphatase 
in cells of the 1-day 5-bromo-2'-deoxyuridine- 
treated thymic organ after 11 days incubation. x400. 
29. Histochemical localization of alkaline phosphatase 




trated in the subcapsular region resembling the BUdR-treated 
culture of the 27 day treated 16-day embryonic thymus. In 
Figs. 30-33 it can be seen that the increased APase activity 
of the 1-day-old C57LV-treated thymus after 11 days incubation 
was in approximately one-half of the immature lymphocytes 
spread over the entire organ. The 1-day-old urethan-treated 
culture after 11 days was similar to the 1-day-old C57LV-treated 
culture after 11 days incubation. As can be seen in Table 3, 
APase activity disappeared from the BUdR- and C57LV-treated 
cultures six days after treatment. APase activity disappeared 
from the urethan-treated cultures 10 days after treatment. In 
subsequent cultures there was only slight APase activity ap¬ 
pearing in some treated cultures similar to the activity found 
in the uncultured thymus. 
Cultivation and Treatment of 
the 7-Day-Old Thymic Organ 
As seen in Fig. 34, the 7-day thymic organ cultured after 
2 days incubation was slightly necrotic and had an abundance of 
immature lymphocytes and REC. As indicated in Table 4, cultures 
evaluated after 5-18 days incubation were necrotic and showed 
depletion in cellular elements (Fig. 35). On day 19 and 27, a 
shown in Figures 36 and 37, respectively, the cultured thymuses 
were only slightly necrotic and the cells increased in number 
as the age of the culture increased. This indicated that per¬ 
haps the 7-day thymic organ was in the process of regenerating. 
Seven-day thymic cultures were subjected to medium with 
either BUdR or C57 LV or urethan from the eighth to the eleventh 
day. As can be seen in Table 4, the cultures which were treated 
Table 4. Results of cultivating the 7-day-old thymic organ * 
aAge in culture 
and Treatment 
bG0 ^Cortex (Subcapsular region) cMedulla 
M IM REC V HC M IM REC 
dCap eApase 
2 + + +++ ++ - - - ++ ++ + ND 
3 + - ++ ++ - - + ND 
4 + - +++ ++ - - + ND 
5 +- + + ++ - - + ++ + + ND 
5 4~ + + + - - + + ND 
6 +- + ++ ++ - - +- + + + ND 
8 +- + +++ ++ + - + ++ + ND 
11 +- + +++ ++ - - - + ND 
11B +- +- +- +- - - ND 
11C +- +- +- +- - - + ND 
11U +- + +++ + - - ++ ND 
13 +- - + +- - - + ND 
13B +- - + +- - - + ND 
13C +- - +++ ++ - - ++ ND 
13U +-   +++ ++ __ _ ++ ND 
Table 4. (Cont.) 
aAge in culture bG0 cCortex (Subcapsular region) cMedulla ^Cap eAPase 







 i ++ 
++ 
+ 
++ + + + ++ + 
15C + + ++ ++ ++ + 
15U + +- ++ ++ ++ + 
19 +- +- ++ ++ + + 
19B +- - ++ +- + - 
19C +- - ++ +- ++ + 
27 +- - ++ +++ + + 
27B +- - + -f +++ + + 
27C +- - ++ +++ + - 
28 +- - ++ +++ + - 
28B +- - ++ +++ + + 
28C +- - ++ +++ + - 
28U +- - ++ +++ + - 





30. Histology of the 1-day,., old mouse leukemia virus- 
treated thymic organ after 11 days cultivation. 
xl600. 
31. Histochemical localization of alkaline phosphatase 
in cells of the 1-day^old mouse leukemia virus-treated 
thymic organ after 11 days cultivation. xl600. 
32. Histochemical localization of alkaline phosphatase in 
cells of the 1-day,-old mouse leukemia virus-treated 
thymic organ after 11 days cultivation. x400. 
33. Histochemical localization of alkaline phosphatase in 
cells of the 1-day^old uncultured thymic organ. xl600 

Fig. 34. Histology of the 7-day thymic organ 2 days after 
cultivation. x2000. 
Fig. 35. Histology of the 7-day thymic organ 6 days after 
cultivation. x2000. 
Fig. 36. Histology of the 7-day thymic organ 19 days after 
cultivation. x2000. 




for 3 days with BUdR had less immature lymphocytes and REC 
than the C57LV-treated culture. Although depletion of cells 
had occurred in the BUdR- and C57LV-treated cultures, their 
cell types still resembled the cell types in the untreated 
cultures incubated for 11 days. However, in the urethan- 
treated cultures incubated for 11 days, an increased number 
of lymphoblasts were evident (Figs. 38-41). In all other 
cultures examined even though necrosis was present, no 
significant difference in the number or type of cells were 
noted in treated and untreated cultures. 
As compared to the APase activity in the uncultured 7- 
day thymus which had activity in immature lymphocytes near 
enzyme positive REC and vessels, the treated and untreated 
thymic cultures had no significant difference in enzyme 
activity. 
Fig. 38. Histology of the 7-day thymic organ 11 days 
after incubation. x400. 
Fig. 39. Histology of the 7-day thymic organ 11 days 
after incubation. xl600. 
Fig. 40. Histology of the 7-day thymic organ treated 
with urethan 11 days after incubation. x400. 
Fig. 41. Histology of the 7-day thymic organ treated 




The objective of this study was to develop an in vitro 
system with the thymic organ in which derepression of the 
embryonic function in lymphoblastic leukemia could be 
studied. This investigation is based on the data that 
showed alkaline phosphatase activity in 17-day-old embryonic 
thymic cells of x-irradiation- and viral-induced thymic 
lymphoma (Smith, 1962 ; Lagerlof and Kaplan, 1967) but not 
in normal adult C57B1 mouse thymic cells (Smith, 1960). 
Sixteen-day embryonic, 1- and 7-day thymic organs of 
C57B1 mice were cultivated in a defined medium with hydro¬ 
cortisone and insulin (Lumb, personal communication). These 
cultures were treated with BUdR, C57LV, and urethan. They 
were evaluated histologically with hematoxylin and eosin for 
immature lymphocytes and histochemically for alkaline phos¬ 
phatase activity by a modified method of Lagerlof and Kaplan 
(1967) . 
Results indicated that the 16-day uncultured embryonic 
thymus had APase activity in the subcapsular region of the 
organ. This can be correlated with the work of Lagerlof and 
Kaplan (1967) that showed APase activity present in the cells 
of the subcapsular region of the 17-day uncultured embryonic 
thymus. After culturing the 16-day embryonic thymus for 27 
days the amount of APase positive cells increased such that 
the APase positive cells were found throughout the organ. 
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Cultures treated with BüdR, C57LV, and urethan showed signifi¬ 
cant increase in APase activity over that of the untreated 16- 
day embryonic thymic cultures incubated for 27 days. The 
urethan-treated cultures and the untreated cultures had a 
similar distribution of APase positive cells, whereas BUdR and 
C57LV thymic cultures had APase activity concentrated in the 
cells of the subcapsular region. The level of necrosis in 
treated cultures was high enough in the BUdR- and C57LV-treated 
culture to have destroyed the APase positive lymphocytes except 
in the subcapsular region. 
This data on the cultivation and treatment of the 16-day 
embryonic thymus indicated that through cell multiplication 
the 16-day embryonic thymic cells produced other cells with 
APase activity. 
Like the treated 16-day embryonic thymic cultures the 
1- and 7-day treated thymic cultures were more necrotic than 
the untreated cultures. During the 27 day cultivation period 
the 7-day untreated organ appeared to have gone through a 
degenerative and regenerative process, whereas the 16-day embryo 
nic and the 1-day untreated thymic cultures steadily degenerated 
In contrast to the 16-day uncultured embryonic thymus, the 
1- and 7-day uncultured thymus had no significant amount of 
APase activity. This confirms the work of Smith (1962) which 
shows that no significant amount of APase can be found in the 
cells of normal or non-leukemic postnatal mice. After 3 days 
treatment with carcinogens the 1-day-old thymic cultures had 
increased APase activity. APase activity was decreased to the 
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level of the uncultured 1-day thymus in the BUdR- and C57LV- 
cultures by 6 days after treatment, however, the activity in 
the urethan-treated culture did not decrease until 10 days 
after treatment. No increase of APase activity was found in 
the treated 7-day-old thymic cultures. This data lends sup¬ 
port to the in vivo studies of Smith (1962) and Lagerlof and 
Kaplan (1967). These investigators found that APase is 
associated with the lymphoblastic leukemic cells of x-irradia- 
tion- and viral-treated C57B1 mice. 
Data in this work shows that lymphoblastic leukemic cells 
with APase activity can also appear in the 1-day thymic cul¬ 
tures which have been treated with BUdR and C57LV in vitro. 
Koyama and Ono (1971) showed that BUdR treatment increases 
APase activity in mouse-hamster cell cultures for 3 days. 
After 3 days APase activity decreased. This study confirms the 
work of Koyama and Ono (1971) by showing that increased APase 
activity produced by in vitro treatment of thymic cultures with 
BUdR is transient. These results also extend the work of 
Koyama and Ono (1971) by showing that increased APase activity 
produced by C57LV and urethan treatment is transient. But it 
should be mentioned that the increased APase activity produced 
by urethan treatment lasts longer than the increased APase 
activity produced by C57B1 or BUdR treatment. Perhaps subsequent 
treatment of 1-day thymic cultures with carcinogens might be 
needed to maintain lymphoblastic leukemic cells that have APase 
activity in vitro. This postulation can be correlated with the 
in vivo studies of carcinogens in mice. In these in vivo 
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studies new born mice were injected and given subsequent 
injections at weekly intervals for 3 weeks in order for 
lymphoblastic leukemic cells with APase activity to develop. 
Since APase is increased in cultured and treated embryonic 
thymuses and is transiently increased in 1-day treated thymic 
cells but not in 1-day uncultured and untreated thymic cells, 
it can be concluded that an in vitro system with thymic organ 




1. The objective of this study was to develop an in vitro 
system with the thymic organ in which derepression of the 
embryonic function in lymphoblastic leukemia cells could be 
studied. This study is based on the in vivo data that showed 
APase activity in 17-day embryo thymic cells. It is suggested 
by these in vivo studies that the APase activity is a derepressed 
embryo function. 
2. Sixteen-day embryo, 1- and 7-day postnatal mice thymic 
organs were cultivated in a defined medium with hydrocortisone 
and insulin. These cultures were treated with BUdR, urethan 
and C57LV. They were evaluated histologically for blast cells 
and histochemically for APase activity. 
3. Results showed that the uncultured 16-day embryonic 
thymus had subcapsular APase activity. Culturing the embryonic 
thymus increased the APase activity to include cells throughout 
the thymic organ instead of just in the subcapsular region. 
Treatment of the embryonic thymus further increased the APase 
activity. The activity of APase in the untreated and urethan- 
treated cultures was similar in enzyme localization, whereas 
the APase was localized in the cells of the subcapsular region 
in the BUdR- and C57LV-treated cultures. 
4. The 1-day uncultured thymus had slight APase activity 
in REC and blood vessels. The untreated 1-day thymic cultures 
had APase activity similar to the uncultured 1-day thymus. 
50 
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In the treated 1-day thymic cultures APase activity was 
increased after 3 days treatment. Six days after treatment 
the APase activity in BUdR- and C57LV-treated cultures had 
decreased to the level of APase in the 1-day uncultured and 
untreated thymuses. The APase in the urethan-treated culture 
did not decrease until 10 days after treatment. No increase 
in APase activity of the 7~-day uncultured, untreated or 
treated thymus cultures was found. 
5. Since APase is found in the 16-day embryonic thymus 
and thymic cultures and is transient in 1-day treated thymus 
cultures but not significantly found in any amounts in untreated 
and uncultured 1-day thymuses, it is concluded that the APase 
is a derepressed embryonic function in lymphoblastic leukemia. 
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